(ii ) The maximum correlation coefficient values for empirical white matter connectivity for every subject when simulations were run with two different numbers of time steps: 750 time steps and 950 time steps. (iii, iv ) Here we show the results of performing the same analysis displayed in panel (ii ) but for topological and spatial null models. B: The effect of the scaling parameter β on the correlations observed between the true post-stimulation state and the predicted post-stimulation state. Here we show the maximum correlations reached as a function of the β value used in the model. In the main manuscript, we report results for β = 1, while here in the supplement we report qualitatively similar results for β = 0.1. We first observe that empirical graphs reach a maximum correlation that is significantly different from zero (N = 11, t-test t = 5.07, p = 4.83 × 10 −4 ). In the topological null model, we observe smaller maximum correlations (paired t-test: N = 11, t = 4.76, p = 7.64 × 10 −4 ), and earlier peaks (N = 11, t = 7.40, p = 2.33 × 10 −5 ). Similarly in the spatial null model, we observe smaller maximum correlations (N = 11, t = 4.10, p = 2.15 × 10 −3 ), and earlier peaks (N = 11, t = 3.41, p = 6.70 × 10 −3 ). , we display the associated p-values in the color of each square; values that pass Bonferroni correction for multiple comparisons are indicated with an asterisk. B: Time to Maximum (rather than peak) Correlation: Box plots depicting the average time to reach the maximum correlation between the empirically observed post-stimulation state and the predicted post-stimulation state at every time point in the simulated trajectory x(t). Box plots indicate the median and quartiles of the data. We find a main effect for graph type (repeated measures ANOVA F (2, 20) = 21.84, p = 9.34 × 10 −6 ). We also find that the empirical networks peak significantly later than both the topological (paired t-test: N = 11, t = 5.82, p = 1.69 × 10 −4 ) and spatial (paired t-test: N = 11, t = 3.49, p = 5.79 × 10 −3 ) null models. C: Statistics for alternate atlas and within subject analyses: All analyses from the main text were replicated when using a smaller parcellation of the Lausanne (N = 463) atlas. Analyses from the main text were also repeated within each dataset (subject and stimulation site combination) and across trials. The table gives the minimum number of trials in the test, an effect size threshold, a p-value threshold, and the number of datasets with larger effect sizes and smaller p-values than the given thresholds. When S is the identity matrix, none of the 16 data sets showed a significant correlation between energy and error. (i) For one representative subject, we show the scatterplot of log(energy) versus log(error) when S is the identity matrix. At the single-subject level, we observed that when S contains zeros along the diagonal at ROIs without electrodes present (and thus only constrains the states of regions with ECoG electrodes), then 13 of the 16 data sets displayed a significant correlation between energy and error (Bonferroni corrected p < 0.003). (ii) For the same subject, we show the scatterplot of log(energy) versus log(error) when S is selected to only constrain the states of regions with ECoG electrodes in them. Based on these findings, we selected S to be the identity matrix. B: Impact of Initial State Value on the Relation Between Energy and Error. We test whether these state values change the relative energies between trials within individuals by calculating the Pearson's correlation coefficient between the energy from all possible pairs of state values. We find that all subjects showed highly significant correlations between results obtained with the 0 state value and results obtained with the 1 state value, as well as highly significant correlations between results obtained with the 0 state value and results obtained with the −1 state value, after Bonferroni correction for multiple comparisons (p < 0.001). Fourteen out of 16 data sets showed significant correlations between results obtained with the −1 state value and results obtained with the 1 state value. (i) For one representative subject, we show the scatterplot of log(energy) when the state value was set to −1, versus when it was set to 0. (ii) For the same subject, we also show the scatterplot of log(energy) when the state value was set to −1, versus when it was set to 1. iii For the same subject, we show the scatterplot of log(energy) when the state value was set to 0, versus when it was set to 1. We next tested whether the average magnitude of the energy for each state value was different across subjects. A one-way ANOVA returned no significant differences across state values (F (2, 45) = 0.93, p = 0.40) (iv) The average energy for each dataset for all state values (−1, 0, 1). C: Method for Parameter Selection. We began by calculating the error values of the simulations for every subject for each value of ρ, γ, and T . After selecting a range with small enough error (left-center), error values are z-scored to select only parameter combinations with a z-score less than −1 (center-right). The center coordinate from this latter space was selected to dictate the final parameter choice values: γ = 4, T = 0.7, and ρ = 0.3. Before exploring the energy used by different graph models, it is important to note that the numerical error returned for every network was consistently less than 0.004, indicating that the trajectories were highly accurate. Across graph types, we found a significant difference in the energy required for the transition from the initial state to the good memory state (repeated measures ANOVA F (4, 40) = 12.96, p = 7.42 × 10 −7 ). In post-hoc analyses, we observed that neither of the additional null models were significantly different from those observed in the empirical graphs (paired t-test for weight preserving: N = 11, t = 0.071, p = 0.945; strength sequence preserving: N = 11, t = −1.71, p = 0.12). Average energy required for each transition from the pre-stimulation state to a good memory state, as theoretically predicted from Eq. 1 where A is (i) the empirical networks (purple) estimated from the diffusion imaging data, (ii) the topological null model graphs (black), (iii) the spatial null model graphs (dark charcoal), (iv) the spatial strength distribution preserving null model graphs (medium charcoal), and (v) the spatial strength sequence preserving null model graphs (white). B: The relationship between the determinant ratio and the energy required for the transition from the pre-stimulation state to a good memory state. Additionally, across all graphs, we still observe a significant relationship between energy and the determinant ratio (linear mixed effects model N = 11, χ 2 = 33.2, p = 8.34 × 10 −9 ). Note: The color scheme is identical to that used in panel (A).C: Visualization of Null Models. Visualizations of empirical connectivity matrices (top left) and all null models (random, spatial, strength sequence preserving, and degree distribution preserving). Color bar gives the connection weight (QA). 5 Figure S6 : Related to Figure 5 in the main text. Additional Analyses Related to Regional Topology. A: Additional Control Metrics Associated With Energy in the Alpha Band. A heat map of the significance of the relationship between each regional metric and input energy (estimated with a linear mixed effects model) for each frequency band. B: Change in Power Across Different Bands The average difference in power between all initial states and target state for each frequency band. Note: the alpha band does not show strikingly greater difference, suggesting that the finding that all metrics are significant in the alpha band is not due to a difference in the magnitude of the transition. C: Persistent and Transient Modal Controllability. To select a cut-off for persistent and transient modal controllability calculations, we plotted the persistent (Left) and transient (Right) controllability value for every node as a function of threshold on the eigenvalues of the adjacency matrix A. Here we show the mean (black) and standard deviation across nodes (grey) from one representative, and randomly chosen, subject. A threshold of 10% was chosen as a value that would provide sufficient variance and measure a small number of modes. Figure S7 : Related to the STAR Methods: Experimental Model and Subject Details. Electrode Coverage: Visualization of each subject's electrodes mapped to MNI space. Blue electrodes were only used for recording; red electrodes were used for stimulation.
